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(57) Abstract: For error detection in encoded speech communications, wherein a speech signal is encoded and transmitted in bit 
sequences (22), a received bit sequence is analysed as to its statistical properties (25). In an embodiment, wherein a received bit 
sequence is analysed as to its probability of occurrences in the encoded speech communications, a bit sequence is treated as an 
erroneous bit sequence if the probability of occurrence of this bit sequence is below of first threshold value (26). A plurality of 
subsequently received bit sequences may be analysed as to their probability of occurrence in the encoded speech communications. If 
the plurality of bit sequences comprises a number of bit sequences of which the probability of occurrence is below the first threshold 
value, this plurality of bit sequences is treated as comprising an error burst if this number exceeds a second threshold value (29). If 
an error burst has been determined, the plurality of received bit sequences may be replaced (31). The speech signal may be encoded 
following a Delta modulation technique, in particular Continuous Varying Slope Delta (CVSD) modulation. 
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ERROR DETECTION AND ERROR CONCEALMENT FOR ENCODED SPEECH DATA 

Field of the Invention 

The present invention relates to speech communications and, in particular, 
to error detection and error correction in radio speech communications wherein a 
speech signal is digitally encoded and transmitted in bit sequences. 

Background of the Invention 

In radio communications, such as mobile or cordless radiotelephony, speech 
transmissions are likely to be impaired by interference from a plurality of RF sources 
or other sources producing RF interference. This interference often occurs in the shape 
of short error bursts, which are relatively short periods wherein the received signal 
contains virtually no information. 

In digital communications systems, wherein a speech signal is encoded and 
transmitted in bit sequences, error bursts may produce random bit sequences. This may 
present itself to the listener as crackling noise or other artefacts in the decoded speech 
signal. 

In various packet transmission techniques, for example, wherein speech bit 
sequences are transmitted in packets, comprising a header portion identifying a 
particular packet, the header is generally error protected. This enables a receiver to 
identify whether the header is corrupted by interference. If errors are detected in the 
header, the packet is considered to be lost and the received speech data are not further 
processed. 

Forward error protection is an error protection technique by which error 
protection bits are added to the data bits at the transmitter side, such as parity bits or 
Cyclic Redundancy Check (CRC) bits. The data bits and the error protection bits 
together fulfil a certain mathematical rule that is known to both the transmitter and the 
receiver. If the received data and error protection bits do not fiilfil this rule, the 
receiver knows that an error must have occurred. As will be appreciated by those 
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skilled in the art, by adding more error protection bits to the data, the probability of 
detecting and eventually correcting errors increases. Because of channel capacity 
considerations, in practice, the number of error correction bits, which can be added, is 
limited. 

5 In a packet format of an emerging new radio communication standard for 

cordless radio communication called Bluetooth, voice data packets are transmitted in 
which only error protection bits are added to the header. However, if only the speech 
data are corrupted by interference and the header is not, the receiver will interpret this 
as a correctly received packet. The corrupted speech data are then decoded and passed 

10 to an output, such as a loudspeaker in a radiotelephone, for example. This results in an 
annoying crackling noise. 

In a radiotelephone application, for example, a receiver can only take 
countermeasures against crackling noise if it has information on whether or not the 
received speech data have been corrupted by interference. However, applying forward 

15 error correction to the speech data, which may contain several bit sequences, may 
require in many cases a too large amount of error correction bits or may not be 
provided for in certain standardised communication systems. 

Summary of the Invention 

20 

It is an object of the present invention to provide a method and arrangement 
for error detection in speech communications, in particular radio speech 
communications wherein a speech signal is encoded and transmitted in bit sequences, 
without adding error correction bits to the encoded and transmitted bit sequences. 
25 It is in particular an object of the present invention is to provide a method of 

and an arrangement for the detection of error bursts in received speech data in a radio 
communications system wherein a speech signal is digitally encoded and transmitted 
in bit sequences. 

These and other objects and advantages are achieved in accordance with the 
30 present invention in that a received bit sequence of encoded speech communications is 
analysed as to its statistical properties. 

The invention is based on the insight that a digitally encoded speech signal 
is often not a pure random binary sequence, but rather comprises certain statistical 
properties. Accordingly, after encoding of a speech signal into bit sequences, it is to be 
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expected that not all of the theoretically available bit sequences will appear with equal 
probability, for example. By analysing, in accordance with the present invention, a 
received bit sequence as to its statistical properties associated with encoded speech 
communications, it can be determined with a certain likelihood whether the received 
5 bit sequence is an erroneous bit sequence as a result of interference at the transmission 
path from a transmitter to a receiver. 

In accordance with the present invention, if the probability of occurrence of 
a bit sequence is below a first threshold value, this bit sequence is treated as an 
erroneous bit sequence. 

10 It will be appreciated that the method according to the invention does not 

require the addition of bits or other data to the speech signal, neither before nor after 
the encoding thereof, such that the available transmission capacity of a communication 
channel is not impaired. Further, the method according to the invention can be applied 
with any new or existing speech communications system, provided that the encoded 

15 bit sequences exhibit a non-uniform statistical distribution, for example, such that not 
all of the bit sequences appear with like probability. 

In packet transmission schemes, a plurality of encoded bit sequences are 
transmitted, generally representing a certain amount (time) of speech. The occurrence 
of error bursts by which a plurality of subsequent bit sequences are distorted may have 

20 a severe impact on the intelligibility of the speech communication. 

Accordingly, in a further embodiment of the invention, wherein if the plurality of bit 
sequences comprises a number of bit sequences of which the probability of occurrence 
is below a first threshold value, the plurality of bit sequences is treated as comprising 
an error burst if the respective number exceeds a second threshold value. 

25 The statistical properties of bit sequences in encoded speech 

communications can be empirically determined and stored during a training phase. 
This tr ainin g phase may be conducted during the design phase, for example, and 
stored. It is preferred to store the results in storage means of a receiver, such that an 
instantaneous decision can be made as to the status of a received encoded bit 

30 sequence. 

The statistical properties to be determined and stored may include, in 
accordance with the present invention, the probabilities of occurrence of bit sequences 
of encoded speech communications. 
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The statistical properties are advantageously stored in addressable storage 
means, wherein the bit sequences forming addresses pointing to their associated 
entries in the storage means. For example a table or matrix like storage means. 

In accordance with the present invention, an error log-likelihood can be 
5 computed indicating an a posteriori probability or likelihood that a plurality of 

subsequently received encoded bit sequences comprise a burst error, by statistically 
processing the stored entries of received bit sequences. 

In particular in the case of relatively long bit sequences, for processing 
economy, the invention provides that the statistical properties of sub-sequences of 
10 received bit sequences are determined, stored and processed. 

For analysing the statistical properties of a received encoded bit sequence, 
in an embodiment of the invention, it is assumed that each bit sequence consists of 
independent sub-sequences. In another embodiment of the invention, it is assumed that 
the probability of a sub-sequence depends on its preceding sub-sequence, following a 
15 discrete-time Markov chain, for example. 

Once an erroneous bit sequence has been determined, as a measure of error 
correction the received erroneous bit sequence is replaced by another bit sequence. If, 
however, an error burst has been detected the plurality of received bit sequences 
representing the speech signal in a packet, for example, are replaced. 
20 Replacement of a plurality of bit sequences may include replacement by a 

plurality of bit sequences representing silence or replacement by a previous correctly 
received plurality of bit sequences of the same or ongoing speech communication. 

It has been found that the method according to the invention provides 
excellent results if the speech signal is encoded following a Delta modulation 
25 technique, in particular Continuous Varying Slope Delta (CVSD) modulation, such as 
applied with the Bluetooth communications technology. 

An introduction to the Bluetooth system can be found in ''BLUETOOTH - 
The universal radio interface for ad hoc, wireless connectivity " by J.C. Haartsen, 
Ericsson Review No. 3, 1998. 
30 The invention further provides a radio transceiver arrangement, comprising 

means for communicating speech signals arranged for operation in accordance with 
the method disclosed above. The transceiver arrangement may comprise a portable 
electronic appliance, for example. 



BNSDOCID: <WO 0193488A1_I_> 



WO 01/93488 PCI7EP00/04984 

5 

The invention will now be described in more detail with reference to the 
enclosed drawing. 



Brief Description of the Drawings 

5 

Figure 1 shows a simplified block diagram of a transmitter and receiver 
arranged for wireless telecommunications, incorporating the method according to the 
present invention. 

Figure 2 shows a simplified flow chart diagram illustrating an embodiment 
0 of the method according to the present invention. 



Detailed Description of the Embodiments 



The invention will now be disclosed with reference to a block diagram of a 
15 general wireless radio transmitter and receiver arrangement. However, the teachings of 
the invention are likewise applicable to wired telecommunications or any other type of 
wireless radio communication. 

Figure 1 shows an arrangement 1 for wireless radio transmission, 
comprising a transmitter 2 and a remote receiver 3. The transmitter 2 and receiver 3 
20 communicate over an RF (Radio Frequency) transmission path 4, indicated by dashed 
lines. 

At an input terminal 5 of the transmitter 2 a speech signal is applied, such as 
a speech signal from a microphone (not shown) of a radiotelephone device. Before 
transmission thereof, the speech signal is encoded into digital bit sequences by a 
25 speech encoder 6. The output of the speech encoder 6 is fed to transmission means 7 
having an output terminal 8 for transmission to the receiver 3 via RF antenna means, 
for example. 

The receiver 3 comprises receiving means 10 having an input terminal 9 for 
receiving RF signals, such as transmitted over the transmission path 4. 
30 The output of the receiving means 10 is applied to statistical analysing 

means 13 for analysing a received bit sequence as to its statistical properties and 
switching means 17. In a preferred embodiment of the invention the analysing means 
13 are arranged for computing an error log-likelihood of the received bit sequences. 
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In the embodiment shown, the output of the analysing means 13 connects to 
a comparator 14 for comparing the determined statistical properties of a received 
encoded bit sequence with a first threshold value or second threshold value in the case 
of a plurality of received bit sequences. These threshold values are applied at an input 
5 terminal 15 of the comparator means 14. 

If it has been established that a bit sequence is correctly received, same will 
be switched through the switching means 17. However, if a bit sequence is in error, 
switching means 17 are operated by the comparator means 14 such that the erroneous 
bit sequence is replaced from a source and applied at an input terminal 16 of the 
10 switching means 17. In the case of an error burst, the plurality of bit sequences 

affected by the error burst is replaced, such as the whole content of speech information 
in a packet of a packet transmission system. 

Eventually, the processed bit sequences are fed from the switching 
means 17 to a speech decoder 12 and provided as a reproduced speech signal at an 
15 output terminal 11 of the receiver 3, such as a loudspeaker of a radiotelephone. 

Whenever strong interferences occur on the transmission path 4, one would 
like to take countermeasures to avoid annoying cracks in the reproduced speech signal, 
for example. A muting procedure may be included, which replaces the received 
corrupted data by a bit sequence or bit sequences representing silence. In the 
20 alternative, the corrupted encoded bit sequences may be replaced by previously 
correctly received encoded bit sequences of the speech communication and 
temporarily stored in storage means. 

The effectiveness of such countermeasures depends highly on the 
availability of accurate information on the presence of interference. The analysing 
25 means 13 are arranged to provide this information based on the received bit sequence. 
It derives this information from the received bit sequence based on the a priori 
knowledge of (the statistical characteristics of) the transmitted encoded speech data 
and of the interference. 

From decision theory, in particular from the theory of hypothesis testing, it is 
30 known that the optimum detection of errors can be based on the so-called likelihood ratio 
defined as: 
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wherein: y = the received encoded bit sequence (the observation), 
H l = the hypothesis that an error burst has occurred, 
H 0 = the hypothesis that no error burst has occurred. 



The likelihood ratio L(y) of the actually received bit sequence is a so-called 
sufficient statistic: it contains all the information present in the received bit sequence 
y that can help to decide whether there is an error-burst in the signal or not. 



{y I H 0 } is the (a priori) probability that the bit sequence y is received 
when there is no interference; and is equal to the probability that the speech encoder 6 



Vi{y\H } } is the (a priori) probability that the bit sequence y is received 
when interference is present. 

An optimum detector can be implemented by computing the likelihood ratio and 
comparing it to a threshold & L . The decision rule for the detector could then be: 



For practical reasons it is often preferred to work with the log-likelihood 
ratio A(y) = log 2 L{y) and to compare same to the corresponding threshold 
20 & A =log 2 $ L . 

In the case of analysing means 13 implemented as an error-likelihood 
estimator, the operation thereof may be based on: 

- statistical characteristics of the output of the speech encoder, i.e. the 
statistical characteristics of the transmitted data, as expressed in Vr{y | H 0 } 
25 - the statistical characteristics of the received data, i.e. the speech encoder 

output with interference, as expressed in Pr {y | i/j } . 

The method is based on differences in statistical characteristics between the 
transmitted bit-stream and a bit-stream resulting from interference. It will be 
appreciated that a reliable error estimator can only be constructed when the statistics 



1 0 generates a particular encoded bit sequence y . 




(bit error burst) if L(y) > 9 1 
(no bit error burst) if L(y) < S 1 



(2) 
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of the transmitted data Pr{y | H 0 } and the statistics of the data corrupted by 

interference Pr{y | H } ] show significant differences. 

It is assumed that, whenever interference occurs, the received data will be 
completely random. This is, for example, a valid approach in speech communication 
5 following the Bluetooth standard, since a Bluetooth receiver includes a de-whitening 
filter, which causes any other information than the transmitted signal to be 
randomised. This causes a uniform distribution Pr{y | H x } over all bit sequences 
y (during interference), which means that all realisations of y are equally probable. 

Then, in order for the analysing means 13 to be able to discriminate between 
10 transmitted data and interference, the distribution Pr{y | H 0 } must be skewed 

(non-uniform). This means that the speech encoder 6 has to generate different patterns 
with different probabilities. 

In the case of Blue tooth, for example, the encoder operates in accordance 
with the so-called CVSD (Continuous Varying Slope Delta) modulation, which 
15 samples the speech signal at the rate of 64000 samples/second, whereas the input 

speech signal is offered to the encoder in 8000 samples/second. This 'oversampling' 
causes the speech encoder's output to have a very skewed distribution, which makes 
Vv{y | H 0 } very non-uniform. 

This distribution Pr{y | H 0 } is computed by counting occurrences of values 
20 of sub-sequences in the output of the encoder, during a long training with a large 

variety of voice samples. The distribution Pr^ | Hi) of bit patterns during interference 
is assumed uniform (all received patterns are equally probable during interference). 

The CVSD speech encoding and decoding are sequential processes. This 
means that the length of received bit sequences y is infinite or at least very large. 
25 Therefore it is impracticable to perform computations of probabilities Vr{y\H Q } and 

Pr{> | Hi) , and of (log-) likelihood ratios over the full length of a bit sequence. 
Moreover, information on the presence of interference should be available 
immediately or shortly after the signal has been received. 

Therefore, in such a case, the transmitted x and received y bit sequences 
30 will be split up into sub sequences or finite length vectors, and these vectors will be 
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split up into symbols (of 4 or 8 bits, for example): 

x = (x u x 2 ,...,x M ) and y = (yi 9 y 2 >.~ 9 yM) (3) 

5 wherein: x i and y i are k - bit symbols ( k = 4 or 8 , for example). 

Next, for each received vector y of N = kxM bits the error burst likelihood 
is computed. Let P x (x) = Pr {X = x} be the probability that the encoder generates 
vector x, for all 2^possible combinations of TV bits. Then it is found that: 

10 Vr{y I no bit error burst} = ?r{y | H 0 } = P x (y) (4) 

The (assumed) uniform distribution of all received sequences of Nbits 
during interference results in: 

15 Vx{y I bit error burst} -Pr{j; | H x ] = (±f = 2~ N (5) 

Now the simple expression for the error burst likelihood ratio is: 



2 -N 



20 



The exact computation of P x (•) and of L(y) for any arbitrary sequence j; is 
impracticable. Therefore, an approximation P x (;) of the real probability distribution 
P x (•) will be used, which is sufficiently similar to the expected real distribution 
P x (-) under most expected conditions. The approximation P x ( ) should also be 

25 chosen such that the likelihood ratio L{y) can be computed in a practical (not too 
complex) algorithm for any received vector y of substantial length, e.g. a packet of 
240 bits like in Bluetooth. In practice this means that P x (y) can be decomposed into 
elementary probabilities of the elements of the vector j/ . 

Two examples will be considered here. First, the transmitted sequence* is 

30 assumed to be a vector whose elements consist of independent symbols, and second 



BNSDOCID: <WO 0193488A1J_> 



WO 01/93488 PCT/EP00/04984 

10 

the sequence* is assumed to be a vector whose elements are a discrete-time Markov 
chain. 

In the case of independent identically distributed symbols, it is assumed that 
the transmitted sequence x = (x x , x 2 , . . . , x M ) consists of independent identically 
5 distributed (i.i.d.) symbols. , the elements of x are assumed to be independent and 
identically distributed (i.i.d.). Then the joint probability equals the product of the 
symbol probabilities: 

M 

1=1 

The distribution p{x{) of the symbols jc f can be determined during training 
10 by counting the occurrences of all possible values at the output of the CVSD encoder 
over a long input voice (or noise) signal. 

To this end, extraction means may be provided, which extract statistics from 
the speech bit sequences encoded by the speech encoder 6. From the extracted 
statistics, a log-likelihood table may be computed. The thus computed table is stored 
15 in storage means 18. For example such that the bit sequences or sub-sequences form 
addresses, which point to the corresponding entries in the storage means 18. 

The storage means 18 are preferably arranged in the receiver 3, such to 
compute real time received erroneous bit sequences. It will be appreciated that a 
transmitter 2 and a receiver 3 may be integrated in a single transceiver arrangement, 
20 such as a radio base station and/or a portable or mobile telephone, for example. 
Next the error-burst likelihood ratio becomes: 



0 -hM M ry-k 

1=1 



25 wherein: N = k • M is the length of the sequences in bits. 

In certain cases, however, it is more convenient to construct a new test 
statistic, the log-likelihood ratio: 



M M 

My) = log 2 L{y) = £(- k - log 2 p{y f )) = £ X{y t ) (9) 

i=l r=l 
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wherein the values 



A(y,) = -*-log 2 p(y ( ) 



(10) 



5 are computed from the symbol statistics for each of the 2 k possible values of symbol 
y t and stored in a table. 

Upon reception of sequence y = (y x , y 2 , . . . ,y M ) the receiver computes: 



M 



10 



A0>) = I>0>,) 

by simply adding the A -values from the table at location y t . 
The decision rule for detection is then: 



(11) 



15 



decide \ Dl ( biteirorburst ) if A(^)> l 9 = log 2 5 z 
[D 0 (no bit error burst) if A(y) < & = log 2 9 t 



In the case of the Markov model, the probability distribution of a symbol x t is 
assumed to depend only on the preceding symbol jc w : 

M 

n 

i=2 



(12) 



Px(*) = P(xi)-p{x 2 \x l )*p(x 3 \x 2 ):..p(x M \x M ^) = p{x l )Y\p{x i |* w ) (13) 



20 In this equation, p(x i | * M ) is the estimated transition probability from 

symbol x t _ x to symbol x ( . This is a finite-state discrete-time Markov model with 2 k 
states, where each symbol represents a state. The values of these transition 
probabilities can be determined during training by counting the occurrences of the 
transitions over a long input signal, for all possible values of x M and x t . 
25 Now the error-burst likelihood ratio becomes: 



£00 = 



2~k M 2.~ k 



M 



p(y§)Tlp(yt\yiA) 

i=2 



n 



(14) 
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Again, the log-likelihood ratio is more practicable: 



M 

A(j/) = log 2 L(y) = -k ■ M - log 2 £(;/, ) - 2) log 2 jpfo | ^ M ) (15) 

1=2 



or: 



Af AT 
i=2 i=2 



10 For the computation of this test statistic, a table of 2 k values of 

X 0 {y { ) = -k - log 2 pO>i) is required, as well as 2 2 * values of 
Myt-\ 9 yi)--k- log 2 p(y t | y w ) for all 2^ possible transitions (combinations of 
values of y M and y ( ). 

Upon reception of sequence y = (^ , y 2 , . . . , ) the receiver computes: 



15 



M 

AOO = /loO^) + Y,Ky^yd (17) 

i=2 



by simply adding the X -values from the table at the address composed of symbol pair 
values (transitions) (y J _i,,y l ) . 
20 The discontinuity at the beginning of each vector can be removed by 

extending the current vector by a prefixed copy y 0 = y % M of the last symbol y' M from 
the previous vector. Then the computation will be: 



M 

Ky) = Y*Kyi-x,yd 08) 
1=1 



25 



Upon reception of sequence y — {y\ , y 2 , . . » » yM ) the analysing means 1 3, if 
implemented as an error likelihood estimator compute the error log-likelihood A(y) . 
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In the case of independent symbols this computation is described by: 



AO0 = f>(y,.) 

" (19) 



5 and if a Markov model is used for the symbol statistics: 



M 

AGO = ^Cyi) + Z^i-i^i) (20) 

1=2 



The values ^iy x ) and My^\ 9 yi) are fetched from a table. This 

10 table contains the entries for all 2*possible values of k -bit symbol y i9 or for all 2 2k 
possible values of symbol pairs (y H , y i ) . 

Although the invention has been disclosed above with reference to 
analysing means 13 designed as an error likelihood estimator, it will be appreciated 
that other types of statistical analysing means may be used within the context of the 
1 5 present invention. 

Figure 2 shows a simplified flow chart diagram of an embodiment of the 
method according to the invention, disclosed above, in the case of a communications 
system wherein encoded speech data are transmitted in packets, such as in the 
Bluetooth system. 

20 A speech signal input, indicated by block 20, is encoded by encoding 

means, such as encoding means operating following the CVSD modulation technique, 

which results in bit sequences, block 21. 

A plurality of bit sequences representing a certain period of encoded speech 

are transmitted in packets, block 22. In practice, the transmitted packets will become 
25 more or less distorted by interference at the transmission part, block 23. Accordingly, 

the transmitted data packets will be received as packets containing distorted speech 

encoded bit sequences, block 24. 

Next, in accordance with the present patent application, the received 

distorted bit sequences contained in a packet are analysed as to their statistical 
30 properties. For example as to the probability of occurrence of each particular bit 
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sequence in encoded speech communication, block 25. This statistical analysis may be 
performed using the results of a training phase, stored in a memory of the receiver. 

If it has been determined that the statistical properties, such as the 
probability of occurrence, of a particular bit sequence are below a first threshold, 
5 block 26 c yes\ this bit sequence will be counted as an erroneous bit sequence, block 
27. Otherwise, block 26 c no\ if the particular bit sequence is not the last bit sequence 
of the packet, block 28 'no\ the next bit sequence of the packet will be analysed, 
block 25. 

If the last bit sequence of a received packet has been analysed, block 28 
10 c yes\ it is determined whether the number of erroneous bit sequences are above a 

second threshold, block 29. In the affirmative, block 29 c yes\ one may conclude that 
the received data packet has been distorted by an error burst, block 30, such that 
processing of the respective packet will result in crackling noise or otherwise will 
impair the intelligibility of the speech, such that further processing of the packet 
15 should be cancelled. The received bit sequences may all be replaced by bit sequences 
representing silence or otherwise. The thus replaced bit sequences are decoded, block 
32 and provided as output speech, including silence. 

If the analysing step does not reveal an error burst, the received bit 
sequences of a data packet are decoded, block 32 and provided as output speech; 
20 block 33. 

Those skilled in the art will appreciate that in the method shown in Figure 2, 
if the occurrence of an error burst is not likely, the individual bit sequences having 
statistical properties below the first threshold may be individually replaced. For 
example from an interpolation of bit sequences adjacent to the erroneous bit sequence, 
25 as indicated in broken lines by block 34. As will be appreciated by those skilled in the 
art, further amendments and additions can be made to the above-disclosed 
embodiment, without departing from the spirit and scope of the present invention. 
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Claims 

1 . A method of error detection in encoded speech communications, wherein a 
speech signal is encoded and transmitted in bit sequences, characterised in that a 

5 received bit sequence is analysed as to its statistical properties. 

2. A method according to claim 1, wherein a received bit sequence is analysed 
as to its probability of occurrence in said encoded speech communications. 

3. A method according to claim 2, wherein if the probability of occurrence of a 
bit sequence is below a first threshold value , said bit sequence is treated as an 

10 erroneous bit sequence. 

4. A method according to claim 1, wherein a plurality of subsequently received 
bit sequences are analysed as to their probability of occurrence in said encoded speech 
communications. 

5. A method according to claim 4, wherein if said plurality of bit sequences 

1 5 comprises a number of bit sequences of which the probability of occurrence is below a 
first threshold value, said plurality of bit sequences is treated as comprising an error 
burst if said number exceeds a second threshold value . 

6. A method according to any of the previous claims, wherein the statistical 
properties of bit sequences in said encoded speech communications are empirically 

20 determined and stored during a training phase. 

7. A method according to claim 6, wherein the probabilities of occurrence of 
bit sequences are determined and stored. 

8. A method according to claim 6 or 7, wherein said statistical properties are 
stored in addressable storage means, and said bit sequences forming addresses 

25 pointing to their associated entries in said storage means. 

9. A method according to claim 8, wherein an error log-likelihood is computed 
indicating an a posteriori probability or likelihood that a plurality of subsequently 
received bit sequences comprise an error burst by statistically processing said stored 
entries of received bit sequences. 

30 10. A method according to claim 6, 7, 8 or 9, wherein the statistical properties 

of sub-sequences of received bit sequences are determined, stored and processed. 
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11. A method according to claim 10, wherein for analysing said statistical 
properties of a received bit sequence, it is assumed that each bit sequence consists of 
independent sub-sequences. 

12. A method according to claim 10, wherein for analysing said statistical 
5 properties of a received bit sequence, it is assumed that the probability of a 

sub-sequence depends on its preceding sub-sequence. 

13. A method according to claim 12, wherein said sub-sequences are assumed 
to be a discrete-time Markov chain. 

14. A method according to any of the previous claims, wherein a received 
10 erroneous bit sequence is replaced by another bit sequence. 

15. A method according to claim 14 dependent on claim 5, wherein if an error 
burst has been determined, said plurality of received bit sequences is replaced. 

16. A method according to claim 15, wherein said plurality of bit sequences is 
replaced by a plurality of bit sequences representing silence. 

15 17. A method according to any of the previous claims, wherein said speech 

signal is encoded following a Delta modulation technique, in particular Continuous 
Varying Slope Delta (CVSD) modulation. 

18. A method according to claim 17, wherein said speech signal is encoded and 
transmitted in accordance with a standardised communications technology called 

20 Bluetooth. 

19. A radio transceiver arrangement, comprising means for communicating 
speech signals, said means being arranged for operation in accordance with the 
method of any of the previous claims. 

20. A radio transceiver arrangement according to claim 19, wherein said 
25 transceiver arrangement is a portable electronic appliance. 
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